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Renewable energy resources may represent one of humankind's best hopes for reducing our substantial contribution to global warming (Krupp and Horn, 2008) . Technology to capture the energy from wind, the sun, and biomass are all in various stages of development. In many areas of the world, marine renewable energy has great promise but many of the approaches remain to be developed to commercial standards. Energy from marine wind, tides, currents, waves, and thermal gradients may all hold immense potential for electrical energy generation. The development of the technology, however, is not without environmental and social concerns (Pelc and Fujita, 2002; Gill, 2005; Cada et al., 2007; Boehlert et al., 2008; Inger abstract. Marine renewable energy promises to assist in the effort to reduce carbon emissions worldwide. As with any large-scale development in the marine environment, however, it comes with uncertainty about potential environmental impacts, most of which have not been adequately evaluated-in part because many of the devices have yet to be deployed and tested. We review the nature of environmental and, more specifically, ecological effects of the development of diverse types of marine renewable energy-covering marine wind, wave, tidal, ocean current, and thermal gradient-and discuss the current state of knowledge or uncertainty on how these effects may be manifested. Many of the projected effects are common with other types of development in the marine environment; for example, additional structures lead to concerns for entanglement, habitat change, and community change. Other effects are relatively unique to marine energy conversion, and specific to the type of energy being harnessed, the individual device type, or the reduction in energy in marine systems.
While many potential impacts are unavoidable but measurable, we would argue it is possible (and necessary) to minimize others through careful device development and site selection; the scale of development, however, will lead to cumulative effects that we must understand to avoid environmental impacts. Renewable energy developers, regulators, scientists, engineers, and ocean stakeholders must work together to achieve the common dual objectives of clean renewable energy and a healthy marine environment.
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a framEwork for EValuatiNg ENViroNmENtal EffEcts
The description of environmental effects of marine renewable energy can benefit from a classification of those effects within a framework. In this paper, we discuss potential impacts cutting across technology types through the construction, operation, and decommissioning stages as well as across spatial and temporal scales. We use a classification and framework modified from that used for wave energy by McMurray (2008) and place the effects of marine renewable energy development in the context of ecological risk assessment by considering stressors and receptors.
• Stressors are features of the environment that may change with implementation of renewable energy during installation, operation, or decommissioning of facilities.
• Receptors are ecosystem elements with potential for some form of response to the stressor. 
Effect or impact?
When discussing stressors in environmental systems, an important semantic distinction should be made between an "effect" of a stressor (Level 4 in Figure 1) on a receptor and an "impact" (Level 5).
The two terms are often used interchangeably, but "effect" does not indicate a magnitude or significance, whereas "impact" implicitly deals with severity, intensity, or duration of the effect.
Furthermore, impact also deals with direction of effect, which means there can be positive or negative outcomes to the effect of the stressor. The distinction between effect and impact is of crucial importance when considering ORED; a number of studies present findings that suggest or show an effect, but further work is usually required for it to be interpreted as an impact. In terms of Figure 1 , the current state of knowledge is at Level 4 rather than Level 5.
In order to move from Level 4 to 5 in 
physical presence of devices
The mere physical presence of new structures in marine ecosystems results in fundamental changes to the habitat, both above and below the water surface.
Above the water surface, seabird and migratory bird impacts are of greatest concern. Marine wind energy devices will have the greatest vertical profile and the most moving parts and potential effects; these effects have been addressed in several studies (Larsen and Guillemette, 2007; MMS 2008 These new hard surfaces will alter bottom communities; for wave energy in particular, most oscillating devices will be deployed in "featureless" sandy sedimentary habitats. The physical structures will result in settlement habitat for different organisms, creating an artificial reef effect as has been the case for offshore oil and gas platforms and offshore wind farms in Europe (see benthic habitat receptor discussion).
In midwater, if no anti-fouling is used, the new structure will provide settlement habitat and likely attract pelagic organisms, the principle that makes "fish aggregation devices" effective (Dempster and Taquet, 2004) .
dynamic Effects of devices
Moving parts of marine renewable devices can lead to "blade strike, " typi- Warm water intakes may have significant impacts on planktonic and perhaps pelagic organisms (Harrison, 1987) , as well as more general effects of OTEC on fisheries (Myers et al., 1986) . The response may be expressed ecologically with increased production as a result of more nutrients from the deep water. Higher amounts of nutrients discharged in surface waters could induce algal blooms in areas normally low in surface nutrients (Harrison, 1987) . Higher heavy metal concentrations, either from deep natural sources or from heat exchangers, could have toxic effects (Fast et al., 1990) .
Mitigation for these effects has been suggested (Abbasi and Abbasi, 2000; Pelc and Fujita, 2002 ). An additional concern could be acidification effects as noted for naturally upwelled waters by Feely et al. (2008) .
acoustic Effects
The ocean is an acoustically diverse envi- Acoustic profiles from all device types, cables, and other sound-producing components will require measurement to determine the levels and frequencies above background sound.
The main perceived impact of anthropogenic underwater noise is currently focused on fish (Hastings and Popper, 2005) and marine mammals (Southall et al., 2007) . Other organisms, such as crustaceans, have not, to our knowledge, been considered in the context of renewable energy devices. However, literature indicates that the crab and lobster larvae are oriented for settling by reef noise (Montgomery et al., 2006) . Evidence from Danish studies suggests that marine mammals respond by moving away from an area where construction is taking place (Brandt et al., 2009 ).
Once the noisy activities have ceased, there appears to be no effect, and the mammals occupy the ORED area as much as other adjacent habitats. Hence, there is a definite effect in terms of avoidance, but the effect is not permanent (Brandt et al., 2009) (Miller et al., 2007; Largier et al., 2008) . Pilot projects across the world to understand and model wave reduction effects are underway. Analysis of project geometry, density, and distance from shore makes modeling feasible to assess effects, but these models have yet to be calibrated in deployments of real devices, particularly at commercial scales.
OTEC represents a special case because the energy is derived from a thermal difference between cold deep water and warm surface water, most often in the tropics or subtropics. The mixed effluent from these facilities will be released at depths far shallower than where the cold water was taken, resulting in altered thermal regimes (Harrison, 1987) . Placements in sand bottoms will likely result in greater biodiversity (Inger et al., 2009) , but this may also affect adjacent benthic communities through greater predation (Langlois et al., 2005) . creating thermal stress for the organisms living there (Harrison, 1987) . Over the long term, this could lead to changes in the benthic community and, in turn, to structural changes to the habitat. however, is relatively meager (Gill, 2005) . Throughout this article, we have noted research needs, but they are too numerous to identify in any one place.
Instead, Table 1 
